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ABSTRACT 
The urinary bladder is a hollow muscular organ in the pelvic cavity. It 
functions as a reservoir of urine. The muscularis propria of the urinary bladder wall 
is composed of smooth muscle bundles. As it is elastic in nature, the bladder wall 
thickness varies with different states of bladder filling. Apart from normal 
physiological changes, several pathological conditions also alter bladder wall 
thickness. These included the oedematous changes of the urothelium in cystitis, the 
hypertrophy of the detrusor muscle layer in chronic bladder outlet obstructive disease 
or neurogenic bladder, and the replacement of normal tissue by proliferative tumour 
cells as in the case of malignancy. 
The aim of this study is to correlate the relationship between urinary 
bladder wall thickness with bladder volume. To check whether there is any age and 
gender difference. To establish nomograms of bladder wall thickness and normal 
urinary bladder wall thickness indices in different age groups. Finally, to look for the 
clinical usefulness of these nomograms in disease subjects. 
Bladder configurations of different individuals in both longitudinal 
and transverse sections of trans-abdominal ultrasound images were also observed. 
Their relationships with bladder volume, sex and age were studied. 
588 subjects (Male: 293, Female: 295; age range 3 days to 87 years, 
mean age ±2SD = 29.7 ±26.3 years) without any related urinary tract pathology were 
included in the study as normal group. Their bladder volume and wall thicknesses 
were measured. Configurations of the bladder of these subjects were also recorded. 
V 
83 subjects (Male: 52, Female: 31; age range: 4 months to 86 years, 
mean age ±2SD = 35.17 ±33.02 years) with histories of urinary tract infection, 
bladder outlet obstruction, neurogenic bladder, bladder tumour and adjacent pelvic 
malignancies, etc were also recruited as diseased subjects. Their bladder volume and 
wall thicknesses were recorded. 
The relationship between bladder wall thickness and bladder volume 
varies in a natural log (Ln) fashion. As bladder volume increase, wall thickness 
decrease. The amount ofbladder wall thinning most variables when bladder capacity 
is small compared with when it is already distended. Bladder wall thickness 
gradually increases with age but it is more or less constant in the adult age group. 
After that, it decreases slightly in the geriatric age group. There was no significant 
difference in this study, in the wall thickness between the sub-age groups of 
individual age group; except in paediatric, with P-value <0.05. This must be related 
to the rapid growth rate during this period of life. No significant difference was 
detected between the bladder wall thickness in different genders. 
The bladder wall thickness of most diseased subjects was above the 
upper limits (+2SD) of the nomograms. This indicate that the nomograms are 
clinically applicable in the detection of bladder wall thickening, provide that the 
appropriate chart corresponds to the respective age group is used. 
Bladder configuration in transverse section ultrasound images is 
predominantly rectangular in shape; whereas in longitudinal section, the reverse 
pyramidal shape is dominant when the bladder is empty, while a pear- or pyramidal-
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1.1. Urinary Bladder Wall Thickness 
The urinary bladder is a hollow muscular organ. It collects urine from 
the ureters and acts as a reservoir until the urine is excreted from the body 
through the urethra. In adult it usually accumulates between 300 to 400ml of 
urine before emptying, but it can expand up to 600 - 800ml (Carola R et al., 
1992). 
The detrusor muscle composing the urinary bladder wall is elastic in 
nature. When the bladder distends; the muscle bundles will stretch apart and 
bladder wall thickness will become thinner. On the other hand, when urinary 
bladder collapses, the wall thickness will increase; in short, the wall thickness 
varies with different states ofbladder distension. 
Apart from the normal physiological contraction of urinary bladder, 
丨 
certain pathological conditions also cause the thickening of the wall, either 
diffuse or focal. These conditions include chronic cystitis, bladder outlet 
obstruction, neurogenic bladder, and primary bladder tumor or bladder invasion 
from adjacent malignancy e.g. prostatic cancer in male or carcinoma of cervix in 
female. 
Simply measuring the bladder wall thickness, cannot reflect whether 
the thickening is due to normal physiological contraction of urinary bladder or 
related to underlying pathological processes. 
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Therefore, the aim of this study is to correlate the relationship between 
urinary bladder wall thickness and bladder volume; and their characteristics in 
different sex and ages. An effort is made in establishing nomograms of bladder 
wall thickness in different age groups. If possible, normal urinary bladder wall 
thickness indices (BWTI) which can eliminate the volume effect (i.e. different 
fullness of urinary bladder) were tried to set up; in order to serve as a better 
indicator for bladder wall thickening due to pathological changes. 
1.2. Urinary Bladder Shape 
Urethral catheterization, the standard method for measurement of 
bladder volume, is associated with patient discomfort plus the risks of urethral 
trauma and introduction of urinary tract infection (Ireton RC et al.，1990). By 
using ultrasound as an alternative, it not only avoids the above-mentioned 
disadvantages; it also permits more physiological assessment, and allows for 
repeat follow up examinations without the fear and anxiety of the patient 
(Simforoosh N et al., 1997). 
Many published articles have tried to establish ultrasonography as a 
replacement for urethral catheterization for urine volume measurement. 
However, the results have not been satisfactory, with the lowest mean 
percentage error obtained by Mclean and Edell, (mean % error ±SD = 42 ±24) 
(Mclean GK and Edell SL, 1978). The great variation in bladder shapes of 
different individual account for the low accuracy obtained, as no single formula 
can represent the whole spectrum of bladder shapes during bladder volume 
calculation. 
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In this study, bladder shapes of different individual were also 
observed. Their relationships with bladder volume, genders and ages were 
studied. Hopefully, these information may provide the others an insight in 








2.1. Embryology of the Urinary Bladder 
During embryonic development, the yolk sac invaginates into the 
embryo to form the gut (Candozo L et al., 1993). A diverticulum develops from 
the hindgut called allantios. The part ofhindgut to which allantios is connected is 
known as the cloaca (Sadler TW, 1985). 
From the 4th to 7th weeks of development, the cloaca is divided by a 
urorectal septum into a dorsal anorectal canal and a ventral primitive urogenital 
sinus (Moore KL, 1982.) (Sadler TW, 1985) (Fig 2-1). 
G_oac_ j , Urinary bladder 
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Fig 2-1 Diagrams showing the division of the cloaca into the urogenital sinus and rectal 
canal at successive stages of development. Arrow indicates the route of descent followed 
by the urorectal septum. 
(adaptedfrom Sadler TW. (1985). Langman 's medical embryology 5'^ edition. P.242, Fig 14-23) 
\ f. •：： ^ ^ i'-
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Three portions of the primitive urogenital sinus can be distinguished: 
a) The upper and largest part is the urinary bladder (Fig 2-2). Initially, the bladder 
is continuous with the allantois. During embryologic development, the 
allantois regresses completely, forming a thick, epithelial-lined tube, the 
urachus, which extends from the umbilicus to the apex of the bladder. Before 
or shortly after birth the urachus involutes further, becoming a fibrous cord 
(Sternberg SS and Reuter VE, 1992); 
b)A narrow canal, the pelvic part of the urogenital sinus, gives rise to the 
prostatic and membranous parts of the urethra in male; 
c) The definite urogenital sinus, also known as the phallic part of the urogenital 
sinus is flattened and develops into the genital system (Sadler TW, 1985). 
A l l a n t o i s - ^ Urinary bladder 
Pelvic ^^^^^^^/ Ureter 
part of \ \ V y 
: ^ : ^ ; ^ ^ : S 
Def,"^^^""^^^=^^ / 
urogenital ( / / 
sinus r^^^^.,—^^"^ 
Anorectal canal 
Fig 2-2 Development ofthe urogenital sinus into the urinary bladder, the pelvic part ofthe 
urogenital sinus, and the definitive urogenital sinus. 
t 
(adaptedfrom Sadler TW. (1985). Langman 's medical embryology 5出 edition. R256, Fig 15-11A) 
During division of the cloaca, the caudal portion of the mesonephric 
i duct gradually absorbs into the wall of urinary bladder (Fig 2-3). The ureter, 
’l: 
initially as an outbudding of the mesonephric duct, enters the bladder separately 
(Fig 2-3B). As a result of the "ascent" of the kidneys, the orifices of the ureters 
7 
move cranially. The mesonephric ducts move closer together, entering the 
prostatic urethra and in male become the ejaculatory ducts (Sadler TW, 1985) (Fig 
2-3C,D). 
. . Posterior wall of the 
Mesonephnc urinary bladder ^ 
镇夢‘金条 
Fig 2-3 Dorsal View of the bladder to show the relationship of the ureters and 
mesonephric ducts during development. Initially the ureter is formed by an outgrowth of 
the mesonephric duct, but with time it obtains a separate entrance into the urinary bladder. 
Note the trigone of the bladder, formed by incorporation of the mesonephric ducts. 
(adaptedfrom Sadler TW. (1985). Langman 's medical embryology 5出 edition. P.256, Fig 15-12) 
Both the mesonephric ducts and the ureters are of mesodermal origin, 
so the trigone of urinary bladder (formed by incorporation of the ducts) is also 
mesodermal in origin. The remaining portion of bladder is derived from the 
urogenital sinus, which is endodermal in origin. With time, the mesodermal lining 
of the trigone is replaced by endodermal epithelium. Therefore, the bladder is 







3.1. Basic Anatomy of Urinary Bladder 
The urinary bladder is an epithelial-lined muscular viscus that can 
distend and accommodate up to 400 to 500ml of urine without a change in 
intraluminal pressure. It is able to initiate and sustain a contraction until the 
organ is empty. Voiding may be initiated or inhibited voluntarily despite the 
involuntary nature of the organ (Sternberg SS and Reuter VE, 1992). 
In the adult, the empty urinary bladder lies within the antero-inferior 
portion of the pelvis minor, inferior to the peritoneum (Sternberg SS and Reuter 
VE, 1992). In infants and children, it is located in part within the abdomen, even 
when empty (Moore KL, 1985). It begins to enter the pelvis major at about six 
years of age and will not be found within the pelvis minor until after puberty 
(Sternberg SS and Reuter VE, 1992). 
The size and position of the urinary bladder vary, depending on the 
amount ofurine it contains (Wilson KJW, 1987). When empty, the adult bladder 
collapses and lies behind the pubic symphysis. When full, the bladder distends 
well above the symphysis and can be readily palpated. When over-distended, as 
in acute or chronic urinary retention, it causes the lower abdomen to bulge 
visibly (Walsh et al., 1986). 
A normal bladder has the ability to distend and accommodate about 
500 ml of urine (Snell R and Smith M，1993). 
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Relationship of pelvic organs with the bladder in female and male are 
shown in Fig 3-1 and Fig 3-2 (Wilson KJW, 1987). 
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Fig 3-1 The pelvic organs associated with the bladder and the urethra in the female. 
(adaptedfrom Wilson KJW OBE. (1987). Anatomy and physiology in health & illness. P. 196 Fig 
10:16A) 
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Fig 3-2 The pelvic organs associated with the bladder and the urethra in the male. 
(adaptedfrom Wilson KJW OBE. (1987). Anatomy andphysiology in health & illness. P.196Fig 
10:16B) 
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The empty bladder is pyramidal in shape, having an apex, a superior 
surface, two infra-lateral or antero-lateral surfaces; a base or posterior surface, 
and a neck (Walsh et al., 1986). When the bladder fills, the position of bladder 
neck remains stationary. The dome rises into the pelvic cavity, then into the 
lower abdomen and becomes ovoid in shape (Walsh et al., 1986). 
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Fig 3-3 Bladder lining. The bladder lining is composed of several layers of cells. The 
innermost (epithelial) layer has three types of cells: umbrella cells, so called because 
they are large and flat, intermediate cells, and basal or base cells. The lamina propria is 
a thin, membranous tissue that divides the epithelial layer from the bladder muscle (the 
detrusor). Covering the detrusor muscle is a layer of fatty tissue. 
(adaptedfrom Chalker & Whitmore. (1990). Overcoming bladder disorders. Fig 14) 
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The urinary bladder wall is composed of four tissue layers (Fig 3-3)， 
namely: 
a) Serosal layer (outermost layer) 
The serous coat is present on the outside of the urinary bladder except 
at the bladder base (Craigmyle MBL, 1986). It consists of a layer of simple 
squamous epithelium (mesothelium) that rests on a small amount of 
supporting connective tissue. The outer layer of bladder wall consists of a 
fibrous adventitia (Ross MH et al., 1995). 
b) Muscularis Propria 
The muscularis propria is made up of smooth muscle fibers. It is also 
called the detrusor muscle (Wilson KJW, 1987). It is considered to consist of 
three layers: an inner longitudinal layer, a middle circular layer, and an outer 
longitudinal layer (Snell R and Smith M, 1993). The layers are arranged in 
bundles that interlace (Underwood JCE, 1992). In fact, these layers can only 
be identified consistently in the area of the bladder neck. In other areas, the 
longitudinal and circular layers mix freely and have no definite orientation 
(Sternberg SS and Reuter VE, 1992). 
The inner longitudinal layer is located immediately beneath the 
vesical mucosa. Near the bladder neck, the inner layer assumes a longitudinal 
pattern, contiguous through the bladder neck into the urethra. The middle 
circular layer is found throughout the bladder wall but is least developed in 
the dorsal midline. This layer terminates at the vesical neck and is not 
contiguous with the urethral musculature. It is arranged in concentric rings 
near the bladder neck and incorporates into the bladder base. The outer 
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longitudinal layer is most prominent along the anterior and posterior walls of 
the bladder, and thinner at the lateral aspects. As these fibers progress toward 
the bladder neck, they seemingly form groups, generally an anterior and a 
posterior group (Gillenwater et al., 1994). Contraction of this meshwork of 
fibers results in simultaneous reduction of the bladder in all dimensions 
(Candozo L et al., 1993). 
The thickness of the muscularis propria varies from patient to patient, 
with age, and, of course, with the degree of distension (Sternberg SS and 
等 
Reuter VE, 1992) (Fig 3-4). Jequier and Rousseau reported that bladder wall 
had a mean thickness of 2.76mm when empty and 1.55mm when distended 
(Jequier S and Rousseau 0, 1987). 
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Fig 3-4 Full thickness section of the bladder. A) Cross-section of empty bladder. Notice 
the irregular thickness of the lamina propria. The "three layers" of muscle comprising 
the muscularis propria cannot be clearly defined. B) Cross-section of distended bladder. 
The overall thickness of the viscus is diminished as compared to the contracted bladder. 
Both the lamina propria and muscularis propria become more condensed. 
(adoptedfrom Sternberg SS and Reuter VE. (1992). Histology for pathologists. P. 718 Fig 11) 
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c) Lamina Propria 
The lamina propria, lies between the mucosal basement membrane 
and the muscularis propria (Sternberg SS and Reuter VE, 1992). It is 
composed of dense connective tissue containing a rich vascular network, 
lymphatic channels, sensory nerve endings, and a few elastic fibers (Bulger 
RE, 1988). It is loose in its deeper layers, which allows the mucosa in the 
empty bladder state to be thrown into folds (Gillenwater et al., 1994). Its 
thickness varies with the degree of distension and is generally thinner in the 
areas of the trigone and bladder neck (Sternberg SS and Reuter VE, 1992). 
d) Urothelium 
The urinary bladder is lined by urothelium (transitional epithelium). 
Its histologic appearance is transitional between non-keratinizing squamous 
and pseudostratified columnar (Sternberg SS and Reuter VE, 1992). 
The thickness of the urothelium also varies according to the degree of 
distension. In the contracted bladder, it is usually six to seven cells thick. 
Three regions can be identified microscopically: the superficial cells that are 
in contact with the urinary space, the intermediate cells and the basal cells 
that lie on a basement membrane (Fawcett DW, 1986) (Fig 3-5). In the 
distended viscus, the urothelium may be only two to three cells thick and 
flattened with their long axis horizontal to the basement membrane 
(Sternberg SS and Reuter VE, 1992). 
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Fig 3-5 Normal urothelium: the mucosa may be up to 7 cells thick in the bladder but 
thickness will vary as a consequence of distention and other factors. 
(adopted from Fawcett DW. (1986). A textbook ofhistology, /产 edition. R 713 Fig 5A) 
When the bladder is empty or contracted, the inner lining is arranged 
in folds (Wilson KJW, 1987) but appears smooth and flat when the bladder is 
distended. This arrangement exists throughout except over the trigonal area 
(Walsh et al., 1986). 
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Fig 3-6 Section of the bladder showing the trigone. 




The internal surface of bladder base is called trigone, as shown in Fig 
3-6. In this location, the mucous membrane is firmly adherent to the underlying 
musculature of the superficial trigone (Walsh et al., 1986). Therefore, the 
bladder wall lining here is always smooth and constant in thickness no matter 
whether the bladder is full or empty; whereas the rest of the bladder is thick and 
folded when it is empty and thin and smooth when it is distended (Ross MH et 
al., 1995). 
At the two lateral angles of trigone, there are small slit-like openings 
for the entry of ureters; while at the base area, there is crescentic opening for the 
urethra. The interureteric ridge caused by underlying muscle runs from one 
ureteric orifice to the other and forms the upper limit of the trigone (Snell R and 
Smith M, 1993). In male, the surgical "median lobe" of the prostate gland 
bulges upward into the bladder (Snell R and Smith M, 1993). 
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Fig 3-7 Diagram of the position of the ureter in relation to the bladder wall. 
(adaptedfrom WilsonKJWOBE. (1987). Anatomy andphysiology in health & illness. P.195 Fig 10:15) 
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The ureters enter the bladder obliquely through the posterior wall, 
running a submucosal course (Fig 3-7). Because of this arrangement, the 
submucosal course of the ureters is compressed and the orifices occluded when 
the pressure in the bladder rises. This mechanism is said to prevent the reflux of 
urine as the bladder fills and also during voiding, when the bladder contracts 
(Wilson KJW, 1987). 
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3.2. Artery, Vein, Lymphatic and Nervous Supply of Urinary 
Bladder 
a) Arterial supply 
The arterial supply to the bladder comes from the superior, middle, 
and inferior vesical arteries, which are branches from the hypogastric artery. 
The obturator and inferior gluteal arteries also send some branches to the 
bladder base. The urinary bladder is a very vascular organ, well supplied by 
all these vessels and with rich anastomoses between all of them (Walsh et 
al., 1986). 
b) Venous drainage 
Surrounding the bladder, there is a rich plexus of veins usually lying 
between the bladder wall proper and the adventitial layer covering it. These 
veins ultimately terminate in the hypogastric veins after gathering together 
in several main trunks; some of them accompany the arteries, others do not. 
The vesicoveneous plexus also communicates with the retropubic venous 
plexus or plexus of Santorini, which drain the penis as well as other perineal 
organs (Walsh et al., 1986). 
c) Lymphatic drainage 
The bladder lymphatics drain into the external iliac, hypogastric, and 
common iliac lymph nodes. There is a rich lymphatic anastomosis between 
the genital organs, the bladder and the lower gastrointestinal lymphatic 
chains (Walsh et al., 1986). 
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d) Nerve supply 
The bladder receives a rich nerve supply from both division of the 
autonomic nervous system (Walsh et al., 1986). Sympathetic nerve fibers 
originates from the lower thoracic and upper lumbar segments, mainly T11-
T12 and Ll-L2 (Walsh et al., 1986). These sympathetic fibers travel from 
the hypogastric plexuses in the pelvis to the bladder wall. They inhibit 
contraction of the detrusor muscle of the bladder wall and stimulate closure 
of the sphincter vesicae (Snell R and Smith M，1993). 
The parasympathetic nerve fibers arises from the sacral segments S2-
S4 (Walsh et al., 1986) which travel from the hypogastric plexuses to the 
bladder wall. They stimulate the contraction of the detrusor muscle of the 
bladder wall and inhibit the action of the sphincter vesicae (Snell R and 
Smith M, 1993). They are the efferent fibers of the micturition reflex (Ross 
MHetal.，1995). 
The bladder also contains sensory nerves that travel along the pelvic 
and hypogastric nerves and account for the sensation of pain as the bladder 




In this chapter, pathological conditions causing bladder wall 
thickening are discussed. 
4.1. Cystitis 
Cystitis is said to arise from ascending urethral infection. Primary 
infection of the bladder is unusual, since the bladder is fairly resistant organ 
(Cochlin DL et al., 1994). In children with no urinary tract abnormalities, 80-
90% of cystitis are caused by Escherichia coli. Other causative organisms 
include Klebsiella, Enterobacter, Proteus, Streptococcus faecalis, and coagulase_ 
negative staphylococci (mainly Staphylococcus saprophyticus) (Chaban C et al., 
1995). If cystosonography is performed, the bladder wall may show diffiise 
thickening (Fig 4-la) but focal thickening can also occur (Fig 4-lb). Sometimes, 
the diffusely thickened bladder wall exhibit lesions, which are thicker than the 
surrounding regions of abnormality (Cochlin DL et al., 1994). 
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Fig 4-1 Cystitis, a) diffuse thickening of the bladder wall, b) focally thickened bladder 
wall. 
4.2. Parasitic Infestation 
Parasites may infect the bladder and one of the best known is 
Schistosoma haematobium (Jorulf H and Lindstedt E，1985). Granuloma 
formation within the wall may lead to sonographic findings of polypoid-like 
thickening of bladder wall. Calculi may be encountered. Small bladder due to 
fibrosis will also occur with chronic infestation and it can be complicated by 
carcinoma (Cochlin DL et al., 1994). 
4.3. Catheter Induced Cystitis 
For those elderly individuals, who have voiding dysfunction managed 
with chronic indwelling urethral catheterization will have a prevalence of 
catheter-induced cystitis ofnearly 100% (Riehmann M，1996) (Fig 4-2). Focal 
thickening of the bladder wall is seen adjacent to the tip of the indwelling 
catheter during ultrasound examination. The thickened mucosa may have a 
hypoechoic appearance secondary to increased fluid content (Abu-Yousef MM 
et al., 1984). 
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Fig 4-2 Catheter induced cystitis with Foley catheter in-situ. 
4.4. Chemotherapy Induced Cystitis 
Cyclophosphamide is known to produce haemorrhagic cystitis. On 
ultrasound, the bladder may be thick-wall and contracted (Fig 4-3). Debris may 
be identified within the bladder lumen secondary to blood clots. Focal area of 




Fig 4-3 Thicken bladder wall of patient with neuroblastoma after chemotherapy. 
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4.5. Calculus, Clot and other Debris 
Most bladder calculus is acquired secondary to the passage of upper 
tract stones into the urinary bladder. Stones may also form within the bladder 
from retained blood clots or necrotic debris. Formation can be aided by the 
presence of infection with urea-splitting organisms or underlying urinary stasis 
(Cochlin DL et al., 1994). Bladder wall thickening is usually present due to 
coexisting cystitis (Fig 4-4). 
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Fig 4-4 Bladder calculus with associated thicken urinary bladder wall. 
4.6. Bladder Outlet Obstruction 
Benign prostatic hyperplasia (BPH) is a disease of the elderly, mean 
age 60-65 years old. It is clinically insignificant unless it is big enough to 
encroach on the urethra, causing urinary outflow obstruction. As outlet 
resistance increases, the bladder responds by increasing its force of contraction. 
This results in detrusor hypertrophy, hyperplasia, and the deposition of collagen 
within the bladder wall (Macfarlane MT, 1988); resulting in bladder wall 
thickening. If the prostate gland is markedly enlarged, stasis of urine in urinary 
bladder will also induce cystitis, which in tums result in bladder wall 
thickening. 
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4.7. Neurogenic Bladder 
Neurogenic bladder causes urine retention if bladder outlet resistance 
is higher than the intravesical pressure. The condition is similar to that of 
bladder outlet obstruction and result in bladder wall hypertrophy. 
4.8. Bladder Neoplasm 
Both benign and malignant neoplasms are known to occur within the 
bladder. Ultrasonographically, many of these masses are hypoechoic and 
infiltrate the normal bladder wall, usually causing focal, but sometimes diffuse, 
thickening (Cochlin DL et al., 1994). 
a) Transitional Cell Carcinoma (TCC) 
It is the most common primary bladder malignancy. Arising from the 
transitional epithelium, it accounts for approximately 4% of all male cancers 
and approximately 2% of female cancers. It may be associated with aniline 
dyes and toxic substances (Cochlin DL et al., 1994). 
Sonographically, the cancer may present as polypoid or frond-like 
echogenic or hyperechoic projection from the bladder wall (Fig 4-5) when it 
is superficial located. Deeply infiltrating tumour will disrupt the normal 
bladder wall signal (Cochlin DL et al., 1994) (Fig 4-6). 
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Fig 4-5 Transitional cell carcinoma. 
Fig 4-6 Transitional cell carcinoma.with the disruptions of adjacent fascia plane. 
b) Squamous Cell Carcinoma (SCC) 
Squamous cell carcinoma of the bladder is unusual, accounting for 
only 3% of all primary neoplasms of the bladder. It is associated with 
chronic inflammation of the bladder due to infection, calculi or strictures, 
and it may arise in bladder diverticula as a result of chronic inflammation 
(Bessette PL et al., 1974). Sonographically, these neoplasms may have a 
similar appearance to transitional cell carcinoma (Cochlin DL et al., 1994). 
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4.9. Metastasis from Neighboring Malignancy 
Due to the close proximity of neighboring organs e.g. prostate gland in 
male or uterus in female, direct invasion from these neighboring malignancy is 
common. This will cause the disruption of the intervening fascia planes and 






Urinary bladder wall thickening is caused by three different 
mechanisms. They include urothelial edema after inflammatory changes; 
hypertrophy of detrusor muscle layer in chronic outlet obstructive disease and finally, 
the replacement of normal bladder wall tissues by the uncontrolled proliferation of 
neoplastic cells as in bladder tumour or metastatic disease. 
5.1. Mechanism causing Urothelial Edema during Cystitis 
Cystitis is a kind of inflammatory response, which is characterized by 
the movement of fluid and leukocytes from the blood into extravascular tissues. 
Trying to localize and eliminate metabolically altered cells, foreign particles, 
microorganisms, or antigens (Rubin E and Farber JL, 1995). 
During cystitis, changes in the structure of the vascular wall will lead 
to the followings: 
a) loss of endothelial integrity 
b) leakage of fluid and plasma components from the intravascular compartment 
c) emigration of both erythrocytes and leukocytes from the intraluminal space 
into the extravascular tissue (Rubin E and Farber JL, 1995); causing 
urothelial edema (Fig 5-1). Specific inflammatory mediators (e.g. histamine, 
serotonin, bradykinin and platelet activating factor etc.) regulate this 
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Fig 5-1 Responses of the microvasculature to injury. The wall of the normal venule is 
sealed by tight junctions between adjacent endothelial cells. During mild vasoactive 
mediator-induced injury, the endothelial cells separate and permit the passage of the 
fluid constituents of the blood. With severe direct injury, the endothelial cells form 
blebs (b) and sepatate from the underlying basement membrane. Areas of denuded 
basement membrane (arrows) allow a prolonged escape of fluid elements from the 
microvasculature • 
(adoptedfrom Rubin E and Farber JL. (1995). Essential pathology, p.27 Fig.2-4) 
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Fig 5-2 Inflammatory response. 
5.2. Muscular Hypertrophy and associated Cystitis during Bladder 
Outlet Obstruction 
Various conditions may cause infravesical obstruction, the most 
common being benign prostatic hypertrophy (BPH). Others include cancer of 
the prostate, urethral stricture, calculi, gross hematuria leading to urinary tract 
blood clotting, bladder cancer, neurological dysfunction of the lower urinary 
tract, foreign bodies, phimosis, and anatomical abnormalities (Riehmann M, 
1996). 
Bladder outlet obstruction has been shown to be associated with 
significant changes in bladder morphology and voiding function. These changes 
have been characterized by the development of a fibrotic, poorly compliant, 
thickened wall bladder which can be a major contributor to long-term upper 
tract deterioration (Mitchell ME, 1982). 
Intensive investigation of the effects of bladder outlet obstruction has 
revealed a reproducible sequence of events, including acute submucosal edema, 
deposition of fibrocollagenous material and smooth muscle hypertrophy 
followed by hyperplasia, and finally the replacement of smooth muscle by 
fibrotic connective tissue (Brent L and Stephens FD, 1975). 
Freedman AL and his colleagues found that bladder outlet obstruction 
is associated with a marked increase in bladder wall thickness. However, the 
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percent of smooth muscle and connective tissue comprising the mural histology 
remains relatively constant. This suggest that bladder outlet obstruction is not 
associated with excess collagen deposition but rather with an increased amount 
of bladder with normal cellular content and a concomitant increase in smooth 
muscle development (Freedman AL et al., 1997). 
Infravesical obstruction usually associated with bacteriuria. Several 
reasons, such as an increased incidence of transurethral instrumentation and 
procedures，decreased periodic "washout" during voiding, and depression of the 
local immune response because of a decrease in capillary flow in the bladder 
wall secondary to a high intravesical pressure or overdistention of the urinary 
tract, are suggested to explain the high prevalence of bacteriuria in this 
condition (Riehmann M，1996). Stasis of urine in bladder favors the 
colonization of bacteria, which may induce cystitis with resulting urothelial 
edema and bladder wall thickening. 
5.3. Neoplastic Disease 
Neoplastic cells in either primary bladder tumour or direct invasion 
from adjacent malignancy will replace the normal bladder wall tissue. The 
uncontrolled proliferation of these tumour cells will result in focal or diffuse 
thickening of urinary bladder wall. 
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Chapter 6 
Previous Works in Urinary Bladder Wall Thickness 
6.1. Previous Findings 
During literature search, only a few papers were found on the subject 
of urinary bladder wall thickness. Among them, Jequier and Rousseau carried a 
research in 1987 about this subject in children. They stated that the upper limit 
of bladder wall thickness is 3mm when full and 5mm when empty (Jequier S 
and Rousseau 0 , 1987). These two figures were quoted by almost all other 
textbooks and published papers as reference there after. 
In review of their paper, 410 children (with age range from 1 day to 
19 years old) and 10 adults (from 19 to 42 years old) were included. The subject 
distribution in their study are listed as follows (Table 6-1): 
Age group No. of subjects 
< 1 month 33 
1 month to 1 year 57 
1 to 6 years 134 
6-12 years 135 
> 12 years 61 
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Table 6-1 Distribution of subjects in different age groups of Jequier and Rousseau's 
bladder wall thickness study in 1987. 
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They concluded that there is a linear relationship between the bladder 
wall thickness and the bladder volume. The bladder wall thickness in children is 
independent of age and gender and only varies significantly with the state of 
bladder filling. The value of 95 percentile taken as the upper limit of normal 
bladder wall thickness (i.e. 5mm when empty and 3mm when full) (Jequier S 
and Rousseau 0 , 1987). 
Since this study was done about ten years ago and it was mainly 
undertaken in children age group. In order to have a better understanding of the 
relationship in the whole life span; a more extensive research may be 
appropriated. 
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MATERIALS AND METHODS 
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Chapter 7 
AIMS OF THE STUDY 
7.1. Bladder Wall Thickness 
a) To establish the relationship between urinary bladder wall thickness and 
bladder volume. 
b) To look for any variation of the relationship in different age groups and 
genders. 
c) To establish nomograms ofbladder wall thickness in different age groups. 
d) To check the clinical usefulness of these nomograms with diseased subjects. 
e) To establish the normal upper limit of urinary bladder wall thickness in 
different age groups. 
f) If possible, try to establish the normal urinary bladder wall thickness indices 
of different age groups. 
7.2. Bladder Configuration 
To correlate the relationships between urinary bladder configuration 
with different bladder volume, genders and age groups; in both longitudinal and 




8.1. Choice of Imaging Modality for Bladder Wall Thickness 
Measurement 
Different imaging modalities can be used to assess the urinary bladder 
wall thickness. Their advantages and disadvantages are discussed below: 
a) Intravenous Urography (IVU) 
After the introduction of contrast medium, urinary bladder wall 
thickness can be assessed in plain X-ray film. 
Disadvantages: 
i. invasive procedure (contrast medium and X-ray required) 
ii. need patient preparation (fast before examination) 
iii. inaccurate (different magnification factors in different film object 
distance (FOD)) 
iv. measurement included the perivesicle fat 
b) Computed Tomography (CT) 
Advantage: 
i. high accuracy 
Disadvantages: 
i. invasive procedure (X-ray required with or without contrast medium. 
This may introduce ionizing radiation to the sensitive areas of the 
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body; like gonad and bone marrow.) 
ii. need patient preparation (fast before examination) 
iii. expensive procedure 
c) Ultrasonography (US) 
Advantages: 
i. high accuracy 
ii. non-invasive 
iii. repeatable, allow progress assessment 
iv. simple and quick method 
V. no patient preparation required 
vi. relatively inexpensive procedure 
d) Magnetic Resonance Imaging (MRI) 
Normal bladder wall can be delineated best in transverse, sagittal and 
coronal planes by using a spin-echo sequence combination oflong repetition 
(TR = 2.0sec) and a long echo delay (TE = 56 msec). With this sequence, 
there was 60% contrast between the bladder wall and urine and 48% 
contrast between the bladder wall and fat (Fisher MR et al., 1985). 
Advantages: 
i. high accuracy, better delineation between urine / bladder wall / fat 
interface 
ii. non-invasive procedure 
Disadvantages: 
i. time consuming examination 
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ii. patients with contra-indication to MR imaging cannot be assessed 
iii. expensive procedure 
After considering the cost effectiveness and irradiation hazard of 
different imaging modalities, ultrasonography was chosen to assess the urinary 
bladder wall thickness in this study. 
^ 
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8.2. Study Group Selection Criteria 
Study subjects were those patients coming to Diagnostic Radiology 
and Organ Imaging Department, Prince of Wales Hospital for ultrasound 
examinations. They were classified into two main groups: the normal group and 
the diseased group. 
The normal group was used to establish the nomograms of urinary 
bladder wall thickness; and for the assessment of bladder shape distribution in 
both longitudinal and transverse sections of trans-abdominal ultrasound images. 
The diseased group was used to study the possible clinical 
applications and usefulness of the nomograms ofbladder wall thickness. 
a) Criteria for the selection of normal subject 
Individuals for ultrasound examinations with reasons unrelated to the 
urinary tract (e.g. gall stone disease, jaundice, hepatitis screening or 
congenital hip dislocation in neonates etc.) were included in this study. Their 
recent clinical histories were reviewed during the time of examination, in 
order to exclude any possibility of recent urinary tract infection (UTI). The 
medical records, recent laboratory results of mid stream urine (MSU) / urine 
culture (with a time frame of ± 2 weeks from the date of ultrasound 
examination) were checked retrospectively for every subject so as to look 
for any occurrence of urinary tract infection during the period of 
examination. Since a bacterial count of>100,000 colonies/ml in urine may 
indicate the presence of urinary tract infection (Chaban C, et al., 1995). 
Subjects with positive laboratory results were excluded. 
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Subjects with the following clinical conditions were also excluded 
from the normal group: 
i. Immuno-suppressed patients (e.g. SLE, post liver transplant or post 
bone marrow transplant, etc.). It is because the self-defense 
mechanisms of these people were being suppressed; they are more 
susceptible to possible urinary tract infection. 
ii. Patients with indwelling catheters encourage the colonization of 
urethra by pathogens. The lumen and external surfaces of the catheter 
may act as conduits for the entry of bacteria into the urinary bladder 
(Warren JW, 1996) and induced cystitis. One study has shown that 
bacteriuria is virtually universal after more than 30 days of 
catheterization (Warren JW, 1996). 
iii. Patients with histories of bladder outlet obstruction or neurogenic • 
bladder. These subjects are prone to the hypertrophy of detrusor 
muscle layer in urinary bladder and the associated cystitis due to the 
stasis of urine in bladder. 
iv. Patients with pelvic malignancy such as prostatic cancer or cervical 
cancer usually have higher chances of direct invasion or metastatic 
spread in urinary bladder; result in either focal or diffuse types of 
bladder wall thickening. 
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V. Chemotherapeutic drugs may damage the natural anatomic barriers 
(mucosal integument) (Mcneeley DF and Polsky B, 1995)，making the 
patient at increased risk for infection. 
vi. Poor control of blood glucose level in diabetes mellitus also put the 
patient at a high risk for bacteriuria (Riehmann M, 1996). 
b) Criteria for the selection of subject with bladder disorder 
Patients referred to Diagnostic Radiology and Organ Imaging 
Department, Prince of Wales Hospital with the following clinical histories 
were included into the study: 
i. Urinary tract infection 
ii. Pyelonephritis 
iii. Bladder calculus 
iv. Neurogenic bladder 
V. Bladder outlet obstructive disease with / without Foley catheter in-situ 
vi. Bladder cancer 
vii. Prostatic cancer / cervical cancer with suspicious bladder involvement 
The medical records and recent laboratory results of mid stream urine 
(MSU) / urine culture (with a time frame of ± 2 weeks from the date of 




Two ultrasound machines were used in this study. They are the ATL 
3000 with C4-2MHz & C7-4MHz transducers; and the Aloka 2000 with 
3.5MHz & 5MHz transducers respectively. The images produced were recorded 
by the Sony video graphic printer (UP-860CE). 
Relatively low frequency transducers were being used in this study. It 
is because as the new advance in ultrasound technology, most of the transducers 
are with band width frequency ranges. Using C4-2 transducer ofthe ATL 3000 
ultrasound machine as an example, it is actually utilizing 4MHz in the near field 
to provide optimum resolution while using 2MHz at the far zone to provide 
sufficient penetration. Therefore, high image quality can still be obtained even 
with these relatively low frequency transducers. 
Attenuation of sound beam is proportion to the frequency of 
transducer used (Kremkau FW, 1990). For high frequency transducer e.g. the 
lOMHz probe; although it can provide better quality images, the decrease in 
penetration power makes it impossible to delineate the posterior urinary bladder 
wall, especially when the bladder is very distended. This limited the application 
of it in bladder wall thickness measurement in this study. 
Not all ultrasound centers have high resolution ultrasound probes. The 
establishment of bladder wall thickness index by using relatively low frequency 
transducer allows the application of it much easier and popular in these centers. 
Pilot study with 15 random subjects was carried in order to check for 
the consistency of measurements obtained by these two ultrasound machines. 
The result was that there is no statistical significant difference between the two 
sets of measurements, with P-value greater than 0.05. Therefore, both machines 
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can be used to collect the data in this study. Detail of the pilot study will be 
discussed in session 9.1，"pilot study 2". 
r J 
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8.4. Bladder Volume Estimation 
A number of formulas have been derived for the estimation ofbladder 
volume by various authors. The simplest method only measures the transverse 
diameter of the bladder and compares the results to a chart (Henriksson I and 
Marsal K, 1982). While others require the measurement of the height (the 
cephalocaudad or superior-inferior dimension), the depth (the anteroposterior 
dimension, or width), and the transverse (lateral) dimensions of the fluid filled 
urinary bladder (Goldberg BB and Kurtz AB，1990). Some ofthe formulas are 
listed below for reference: 
Volume = height x width x depth x 0.625 
(Hackenberg OWet al, 1983) 
Volume = 12.56 x radius of transverse dimension x height in 
cephalocaudad dimension 
(OrgazREetal, 1981) 
Volume = ((width x height x depth) - 3.14)/2.17 
(Mclean GK and Edell SL, 1978) 
The mean percentage error of these formulas range from 21% to 66% 
(Goldberg BB and Kurtz AB et al., 1990) (Simforoosh N et al., 1997). The low 
accuracy obtained is because the size, shape，and position of the bladder vary, 
not only from patient to patient but also within an individual subject. Not all 
bladders, and not even the same bladder, assume a constant shape in a single 
space in time. For this reason, determination of accurate bladder volume has 
always been difficult. Inaccuracies generally result because of an invalid 
assumption that the bladder is a single specific shape (Goldberg BB and Kurtz 
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AB, 1990). 
Regardless of the difficulties, Poston GJ and his colleagues derived a 
bladder formula, “Volume = 0.7x (Height x Depth x Width)” in 1983 
(Poston GJ et al., 1983). They measured the three parameters, height, depth and 
width of the distended urinary bladder. Then asked the patients to void and 
return immediately for second set of measurements. After that the calculated 
volume (pre-micturition) minus calculated volume (post-micturition) was 
correlated to the known voided urine volume. They found that a standard error 
of 21% was obtained (Poston GJ et al., 1983). Since the formula for this 
method is relatively simple and with the minimal percentage error (21%) 
(Goldberg BB and Kurtz AB, 1990). The same formula was being adopted in 
this study for bladder volume calculation. 
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8.5. Measuring Method 
a) Bladder volume estimation 
Trans-abdominal approach was used for the evaluation of urinary 
bladder. The patient was examined in supine position with coupling gel applied to 
the skin above the level of symphysis pubis for good acoustic contact. Urinary 
bladder is usually located in the pelvic cavity approximately 1cm above the 
symphysis pubis. Real-time scanning was done in a systematic fashion in both 
the transverse and longitudinal planes as well as oblique sagittal planes. 
Sometimes, the transducer may need to angle down caudally in order to include 
those portions behind the symphysis pubis. 
After searching for the presence of any bladder abnormality (e.g. focal 
or diffuse thickening, diverticulum, trabeculation or ureterocoele in infant), the 
transducer was placed in a longitudinal fashion. Sagittal image with the 
maximum dimensions was taken, and the maximum height (i.e. supero-inferior 
measurement) was measured from the urethral orifice at the bladder base up to 
the apex of the urinary bladder. The greatest depth (i.e. antero-posterior 
measurement) which parallels with the ultrasound beam was also measured in 
this image. Then, the transducer was tumed at ninety degree, with the transverse 
image of maximum dimension being taken and the maximum width (i.e. 
transverse measurement) was recorded (Fig 8-1, Fig 8-2). 
All these measured parameters are "inner to inner measurement" (i.e. 
measurements were obtained from the inner echogenic line of one side to that of 
the opposite side, in order to represent the true capacity of the urinary bladder). 
After collecting all these parameters (i.e. height, depth and width), bladder 
volume was calculated by using the formula “Volume = 0.7 x (Height x 
45 
Depth X Width)” where 0.7 is the correction factor for bladder shapes variation 
(Poston GJ et al., 1983.) 
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Longitudinal section Transverse Section 
Fig 8-1 Sonographic images for bladder volume estimation in longitudinal and 
transverse sections 
�Q 
Longitudinal section Transverse section 
Fig 8-2 Schematic diagrams for bladder volume estimation in longitudinal and transverse 
sections; where h = greatest supero-inferior measurement, d = greatest antero-posterior 
measurement, w = greatest transverse measurement. 
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b) Bladder wall thickness measurement 
In the past, mucosal, muscular and serosal layers of the urinary 
bladder wall could not be recognized as distinct entities. All the layers appeared 
as a single echogenic line (Cochlin DL et al., 1994). With the advance in 
technology and ultrasoimd equipment, urinary bladder wall layers can now be 
delineated clearly, under high magnification power (Fig 8-3). 
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Fig 8-3 Magnify view of anterior urinary bladder wall. 
The bladder wall appears as two echogenic lines with an intervening 
hypoechoic layer. The first echogenic line represents the serosal layer together 
with the perivesical fat while the second echogenic line represent the interface 
between urothelium and urine. In between the hypoechoic band is the muscularis 
propria. The urothelial layer and the lamina propria are too thin and cannot be 
differentiated by the ultrasound beam. 
By increasing the magnification setting and careful adjustment of 
focal zone, time gain compensation (TGC) and overall gain. Image with the best 
delineation of anterior bladder wall was taken. Bladder wall thickness was 
measured from the internal boundary of the first echogenic line to the internal 
boundary of the second echogenic line (Fig 8-4). 
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Fig 8-4 Ultrasound image for anterior bladder wall measurement. 
By using this method in wall thickness measurement, serosal layer of 
the bladder wall was excluded. This is technically acceptable because very often 
it is difficult to delineate the outer boundary of the serosal layer as this merges 
with the surrounding perivesical fat which is also echogenic. On the other hand, 
the hypoechoic muscularis propria, the internal boundary of serosal layer always 
stand out clearly and remain sharp in most of the cases. Furthermore, the major 
pathologies of the bladder affect particularly the mucosal and muscle layers. 
Therefore, only the clinically significant areas were measured. 
In review of the histological section of urinary bladder wall (Fig 8-5), 
the thickness of serosal layer is insignificant when compare with the whole 
thickness of bladder wall. Therefore, by excluding the serosal layer during 
measurement, it does not affect the measured bladder wall thickness significantly. 
Two measurements were taken for average. The procedures were then 
repeated for the posterior and two lateral bladder walls measurement. L:nages of 
all these measurements were recorded in thermal papers. 
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c) Bladder configuration observation 
During the measurement of the bladder wall thickness, the shapes of 
urinary bladder in both longitudinal and transverse sections were also observed. 
They were categorized by the following criteria: 
1) Bladder shape in longitudinal section 
i. Ovoid 
Bladder shape was classified as ovoid when they attained an oval 
configuration with inner diameters in different directions were more 
or less equal (Fig 8-6a). 
ii. Rectangular 
Bladder attained a rectangular configuration with approximately right 
angle at each comer (Fig 8-6b). 
iii. Pyramidal 
Bladder attained a triangular configuration with the apex pointing to 
the cephalic direction (Fig 8-6c). 
iv. Pear shape 
Bladder with configuration between rectangular and pyramidal shapes 
(i.e. with a relatively flat posterior surface and a triangular apex 
pointing cephalic direction) (Fig 8-6d). 
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V. Reverse Pyramidal 
Similar to pyramidal shape, however the apex was in opposite 
direction i.e. pointing caudally (Fig 8-6e). 
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Fig 8-6 Bladder configurations in longitudinal ultrasound images, a) Ovoid b) Rectangular c) Pyramidal d) Pear shape e) Reverse Pyramidal. 
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2) Bladder shape in transverse section 
i. Dumbbell 
Dumbbell configuration with two semi-oval shapes joining in the 
middle (Fig 8-7a). 
ii. Ovoid 
Bladder shape was classified as ovoid when both the height and the 
width were more or less the same (Fig 8-7b). 
iii. Rectangular 
Bladder attained a rectangular configuration with approximately right 
angle at each comer (Fig 8-7c). 
iv. Tetrahedron 
Tetrahedron configuration with unequal height at the two lateral side-
walls (Fig 8-7d). 
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Fig 8-7 Bladder configurations in transverse ultrasound images, a) Dumbbell b) Ovoid 
c) Rectangular d) Tetrahedron. 
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8.6. Technical Considerations 
Several technical considerations are discussed in this session in order 
to attain higher accuracy of the results. 
a) Bladder wall thickness measurement and bladder volume estimation in 
normal subject 
i. While measuring the height (i.e. supero-inferior measurement) of 
urinary bladder in longitudinal section, the scan plane should include 
the urethral orifice. It usually appears as a small ridge at the bladder 
base with the urethra running in between. This can serve as a 
landmark for the standard scan plane of bladder parameters 
measurement in longitudinal image. 
ii. When the bladder is empty or semi-full, bowel loops may slip in 
between the anterior abdominal wall and the anterior surface of the 
urinary bladder, especially at the fundal area. Very often, the gas filled 
bowel loops will cast shadowing artifact behind and inhibit the clear 
delineation of bladder fundus. As a result, the actual length of the 
urinary bladder in longitudinal section cannot be assessed. These data 
need to be excluded. 
iii. If the entire bladder cannot be imaged in a single frame as in the case 
of very distended bladder. These scans were also excluded. 
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iv. It is essential to have careful adjustment of the time gain 
compensation (TCG curve) and overall gain during scanning. It is 
because this can minimize the reverberation artifact in the near field 
that will mask out the anterior bladder wall; and the enhancement 
artifact behind the bladder, which will inhibit the clear delineation of 
posterior bladder wall. 
V. Positioning the bladder wall within the focal zone of the ultrasound 
beam during measurement can improve the image resolution and 
enables accurate wall thickness measurement. 
vi. Maximum image magnification setting was used during bladder wall 
thickness measurement to minimize the error arising from accuracy of 
placement of the measuring calipers. In one attempt, up to 28.5% 
discrepancy has been found between the two measurements obtained 
from an unmagnified image and the one with maximum 
magnification. 
vii. For posterior bladder wall thickness measurement, avoid the position 
of bladder ridge (i.e. the superior boundary of the trigone). In this 
position the wall thickness is usually greater than that of the 
surrounding area. Care should also be taken not to measure the region 
where the distal ureter enters the urinary bladder. This position can be 
detected by observing the urine jet through the vesico-ureteric orifice. 
To avoid the above situations, the posterior wall measurement should 
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be at a more laterally located position (Fig 8-8). 
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Fig 8-8 Ultrasound images showing posterior bladder wall thickness measurement, a) 
measurement include bladder ridge, b) correct positioning of measuring caliper at a 
more lateral location. 
viii. The wall of the vagina or rectum may be included mistakenly within 
the measurement when one is measuring at the bladder floor (Jequier 
S and Rousseau 0，1987). Therefore, careful adjustment of the 
position of focal zone is important in order to optimize the delineation 
between different fascia planes. 
ix. At the dome of the bladder the peritoneal reflection will add 1mm to 
the apparent wall thickness (Jequier S and Rousseau 0 , 1987)，so 
avoid this location during bladder wall thickness measurement. 
X. The urachal remnant is prominent in the neonate and child. Its site is 
at the anterior bladder wall near the midline of the fundal area. The 
wall thickness in this region is usually thicker. Therefore, this region 
must be avoided during anterior bladder wall thickness measurement. 
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b) Bladder wall thickness measurement in subject with bladder disorder 
i. In diseased subject, blood clot results from haemorrhage within the 
upper track may passes down the ureter into the bladder, or arises 
within the bladder from an intrinsic process such as a neoplasm. Blood 
layer may appears as a medium echogenic layer on the dependent 
portion of the bladder wall (Fig 8-9) (Cochlin DL et al.，1994). The 
blood clot may mimic focal thickening of bladder wall (Fig 8-10). 
However, by moving the patient into left lateral decubitus, the position 
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Fig 8-9 Blood clot in the bladder. This figure is a TS image of the bladder with the low-
level echoes ofhaemorrhage (arrows) layering along the bladder wall following a renal 
biopsy 
(adaptedfrom Cochlin DL et al (1994). Urogenital ultrasound, a text atlas, p.309, Fig 9.9) 
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Fig 8-10 Bladder haematoma due to tumour. Patient with small transitional cell 
carcinoma arising from the anterosuperior bladder wall (curved arrow) presents with 
haemorrhage (H) imaged on the opposite wall. The collection ofechoes (E) posterior to 
the bladder is debris within the rectum. 
(adaptedfrom Cochlin DL et al, (1994). Urogenital ultrasound, a text atlas, p.310, Fig 9.11) 
ii. Focal thickening within the dome of the bladder may be missed 
secondary to gas shadowing from interposed loops of bowel or 
reverberation artifacts in the lumen of the bladder (Cochlin DL et al., 
1994) (Fig 8-11). 
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Fig 8-11 Gas filled bowel loops at fundal area of bladder obscured focal thickening 
detection. 
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c) Bladder shape observation 
During bladder shape observation, pressure over the patient by the 
transducer should be light and gentle. Otherwise, the external force applied 






RESULTS AND DISCUSSION 
9.1. Pilot Studies 
a) Pilotstudyl 
Objective: 
To check the feasibility and technical considerations of the study in 
establishing the bladder wall thickness index. 
Materials: 
a) 30 random subjects with unrelated urinary tract pathology were included. 
b) Ultrasound machines: ATL 3000 with C4-2MHz transducer 
Aloka 2000 with 3.5MHz transducer. 
Methods: 
Same method as described in session 8.5 was used. 
Results and Discussion: 
The reflective interfaces of the two lateral side-walls of urinary 
bladder are parallel to that of the ultrasound beam. Therefore, lateral 
resolution of the sound beam is used in resolving the two lateral bladder 
walls. Since the lateral resolution of ultrasound beam is inferior than that of 
axial resolution (Kremkau FW, 1984), error may introduce when precise 
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deposition of measuring caliper is necessary as in the case of bladder wall 
thickness measurement. Therefore, these two measurements were discarded 
in the study. 
For the posterior bladder wall thickness measurement, several limiting 
factors affect its accuracy: 
i. The posterior enhancement artifact behind, especially in a well 
distended urinary bladder, often inhibited the clear delineation the 
posterior bladder wall; even with the careful adjustment of time gain 
compensation (TGC) and overall gain controls (Fig 9-1). 
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Fig 9-1 Transverse ultrasound image of urinary bladder. Posterior enhancement artifact 
inhibits the clear delineation of posterior bladder wall during bladder wall thickness 
measurement. 
ii. In order to avoid the inter-ureteric ridge during posterior bladder wall 
thickness measurement (which is thicker than the surrounding area), 
transducer usually needs to angle down caudally. However, this 
maneuver make the ultrasound beam no longer perpendicular to the 
posterior bladder wall and cause unsharp image; introducing 
inaccuracy during bladder wall thickness measurement (Fig 9-2). 
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Fig 9-2 Transverse ultrasound image of posterior bladder wall (magnified view). Tilting 
of transducer make ultrasound beam no longer perpendicular to the bladder wall, 
results in unshape image. 
Most literatures stated that reverberation artifact in the near field 
usually obscures the anterior urinary bladder wall (Jequier S and Rousseau 0， 
1987). However, due to the advance in ultrasound technology, noises and 
artifacts in the near field of the sound beam have been much reduced. In 
addition with the careful adjustment of time gain compensation and correct 
positioning of the focal zone, anterior bladder wall can now be delineated 
clearly in most of the cases. 
Conclusion: 
Among the four urinary bladder walls, anterior wall has the highest 
accuracy during wall thickness measurement. Therefore, it is the location of 




To check the consistency of different ultrasound machines in bladder 
volume and bladder wall thickness measurement. 
Materials: 
a) 15 random subjects with unrelated urinary tract pathology were included 
b) Ultrasound machines: ATL 3000 with C4-2MHz transducer 
Aloka 2000 with 3.5MHz transducer. 
Methods: 
Same method as described in session 8.5 was used. After data 
collection with one ultrasound machine, same subject was moved to another 
machine immediately and repeated the measurements again by the same 
operator. The time frame between was less than 3 minutes in order to avoid 
any variation in bladder volume and bladder wall thickness due to 
physiological changes. 
Results and Discussion: 
15 subjects (Male: 8, Female: 7，age range: 3 days to 47 years old) 
were included in the study. Paired-sample t-test was carried on the two sets of 
data obtained from the two ultrasound machines. For the calculated bladder 
volume, the P-value is equal to 0.813 while the P-value for the anterior 
bladder wall thickness is equal to 0.282. Since both of them are greater than 
0.05, there is no statistically significant difference between the two sets of 
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data obtained from the two ultrasound machines respectively. 
Conclusion: 






To compare any significant difference in bladder volume estimation 
and wall thickness measurement by using different transducers of the same 
ultrasound machine. 
Materials: 
a) 20 random subjects with unrelated urinary tract pathology were included 
b) Ultrasound machines: 
ATL 3000 with C4-2MHz and C7-4 MHz transducers 
Aloka 2000 with 3.5MHz and 5MHz transducers. 
Methods: 
Same method as described in session 8.5 was used. Measurements of 
10 subjects were collected by using C4-2MHz transducer of the ATL 3000 
ultrasound machine. The whole procedures were then repeated by using C7_ 
4MHz transducer immediately in order to avoid any variation in bladder 
volume and bladder wall thickness due to physiological changes. 
Similar procedures also applied for the remaining 10 subjects by using 
the 3.5MHz and 5MHz transducers of the Aloka 2000 ultrasound machine 
respectively. 
Results and Discussion: 
20 subjects (Male: 11, Female: 9, age range: 1 month to 56 years old) 
were included in the study. Paired-sample t-tests were carried. 
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ATL 3000 Aloka 2000 
Bladder volume P-value = 0.562 P-value = 0.828 
Bladder wall thickness P-value = 0.735 P-value = 0.140 
Table 9-1 Calculated P-values of bladder volume and bladder wall thickness, by 
using different ultrasound transducers of the ATL 3000 and the Aloka 2000 
ultrasound machines respectively. 
As shown in Table 9-1，all the P-values are greater than 0.05, which 
are statistically insignificant, between the data obtained from the transducers 
ofboth ultrasound machines respectively. 
Due to the new advance in ultrasound technology; image quality of 
low frequency transducer is much improved, especially in the near field. In 
addition with the careful adjustment of time-gain compensation (TGC) 
together with overall gain, measurements obtained by using 3.5MHz 
transducer are comparable to that of using 5MHz transducer. 
Conclusion: 
Both the 3.5MHz or 5MHz transducers of Aloka 2000 and the C4-
2MHz or C7-4MHz transducers of ATL 3000 can be used for data collection 
in the study. 
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9丄 Data Grouping for Bladder WaII Thickness in Normal Subjects 
Total 588 subjects (Male: 293，Female: 295; age range: 3 days to 87 
years old, mean age ±2SD = 29.7 ±26.3 years) were included in the study. 
They were divided into the following four age groups (Table 9-2): 
� e group Age range No. ofsubjects 
Neonate & Toddler Newbom to below 1 104 
year 
Paediatric 1 to 10 years 130 
Adult 11 to60 years 260 
Geriatric Above 61 years 104 
Table 9-2 Normal subjects: the age groups classification together with number of 
subjects in each category. 
Each individual age group was further subdivided into smaller 
subgroups. For the neonate & toddler age group, it was subdivided in three 
months basic; for paediatric, it was subdivided in two years basic. While in the 
adult and geriatric age groups, they were subdivided in five years interval (Table 
9-3). 
The subdivision in the neonate & toddler，and paediatric age groups 
are smaller and much finer than that of the adult and geriatric age groups. This 
is because the growth rate in the first two age groups is fast as compare with 
adult and geriatric (Ambron SR，1978). Therefore, closer observations are 
necessary for younger subjects. 
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Observations were made not only between the four main age groups. 
They were also done between the sub-age groups. 
Neonate & Paediatric Adult Geriatric 
Toddler 
^^ j ^ j|3Y^ 61-65 
4-6m 3-4 16-20 66-70 
7-9m 5-6 21-25 71-75 







Table 9-3 Sub-age groups distribution. 
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9.3. Bladder Wall Thickness 
13 males and 13 females were included in every sub-age groups. The 
calculated bladder volume and average measured anterior bladder wall thickness 
of each sub-age groups were undergone 2-tail t-test of significant. The 
following results were obtained (Table 9-4): 
Neonate & P-value ~Paediatric P-value 
Toddler 
0 ^ <0.001 r^2 0 ^ 
4-6m <0.001 3-4 0.010 
7-9m <0.001 5-6 <0.001 
10-12m <0.001 7-8 <0.001 
9-10 <0.001 
Adult P-value Geriatric P-value 
11-15 <0.001 61-65 <0.001 
16-20 <0.001 66-70 <0.001 
21-25 <0.001 71-75 <0.001 







Table 9-4 Calculated P-values of all the sub-age groups after 2-tail t-test ofsignificant. 
All the calculated P-values are smaller than 0.05, which imply that 
there are statistical significance between the calculated bladder volume and the 
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measured anterior bladder wall thickness of all sub-age groups. Therefore, for 
each individual sub-age group, the anterior bladder wall thickness was plotted 
against its respective calculated bladder volume. The regression line, regression 




Neonate & R-square value Paediatric R-square value 
Toddler 
0-3m 0.5431 1-2 0.6759 
4-6m 0.6006 3-4 0.7221 
7-9m 0.6127 5-6 0.6149 
10-12m 0.6450 7-8 0.6562 
9-10 0.6697 
Adult R-square value Geriatric R-square value 
r n ^ 0.5752 61-65 0.5986 
16-20 0.5957 66-70 0.6615 
21-25 0.5164 71-75 0.7102 







Table 9-5 Calculated R-square values of each sub-age group. 
As a summary, the R-square values of all sub-age groups range from 
0.516 to 0.806，with mean ±2SD = 0.642 士 0.068. Since all the results ofthe 
sub-age groups follow a similar trend, only one of them is shown here while the 
rest are attached in the session "Appendix A" for reference. 
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Fig 9-3 A typical graph showing the relationship between bladder wall thickness and 
urinary bladder volume (age range: 31-35). 
The plot between the bladder wall thickness against urinary bladder 
volume of sub-age group: 31-35 is shown in Fig 9-3. A regression line is drawn 
between the two variables, which is in a relationship of natural log (Ln, base e) 
pattern. The corresponding regression formula is shown at the right upper 
comer of the graph. The calculated R-square value is equal to 0.6946. 
As bladder volume increase, the wall thickness decreases. This 
correlate well with the histologic findings. In contracted bladder, the urothelial 
thickness is about six to seven cells thick. However, it is only two to three cells 
thick in distended bladder. Besides, both the lamina propria and muscularis 
propria will become more condense during bladder distension (Sternberg SS 
and Reuter VE, 1992). This explains why the wall thickness is thinner when the 
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bladder is full. 
The rate of wall thinning is different in different states of bladder 
capacity. As reflected from the slope of the regression line, it is steeper when 
the bladder volume is small while it is relatively more gentle when the bladder 
capacity increase. This implies that the rate of bladder wall thinning is fastest 
when the bladder start to filled up from its empty state. When the bladder is 
already distended, the rate of wall thinning gradually decrease. This probably 
related to the elasticity property of smooth muscle bundles in the urinary 
bladder wall (Guyton AC and Hall JE, 1996). When the bladder is full, the 
muscle bundles are already stretched and under tension. The capability for the 
muscle bundles to be stretching apart decrease with any further increase in 
bladder volume. This explains why the rate ofbladder wall thinning decrease as 
bladder volume increase. 
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9.4. Bladder Wall Thickness Variation within Individual Age Group 
In order to investigate whether there is any difference in the 
relationship between the wall thickness and bladder volume in different sub-age 
groups of individual age group. Non-parametric test was carried between the 
data. The results are shown as follow (Table 9-6): 
Agegroup P-value 




Table 9-6 Calculated P-values between the data of sub-age groups of individual age 
group after non-parametric test. 
Only the P-value of paediatric age group is smaller than 0.05, while 
the others are all greater than 0.05. This imply that only the paediatric sub-age 
groups show significant difference in the relationship between wall thickness 
and bladder volume; whereas there are no statistical significant difference 
between the sub-age groups of other individual age groups (i.e. neonate & 
toddler, adult and geriatric). 
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a) Neonate & Toddler 
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Fig 9-4 A plot ofall the regression lines of the neonate & toddler age group. 
All the regression lines of the sub-age groups in this category follow 
the general trend (i.e. as the bladder volume increase, bladder wall thickness 
decrease; the rate ofbladder wall thinning decrease as bladder volume increase). 
In comparing the regression lines of the sub-age groups as shown in 
Fig 9-4, they are quite closely related to each another. This correlate with the 
calculated P-value = 0.2212; which is greater than 0.05 and is statistical 
insignificant. 
However, although there is no calculated significant difference 
between the data, bladder wall thickness increases gradually with respect to age, 
as shown in the graph. This means that in a given bladder volume, the older the 
subject, the greater the bladder wall thickness it is. This corresponds with the 
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growing trend of neonate (Fok TF et al., 1987) (Fig 9-5). 
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Fig 9-5 Growth chart: neonatal. 
(adopted from Fok TF’ Lam TK’ Lee N’ Chow CB, Au Yeung HCL, Leung NK, Davies DP. 
(1987). A prospective study in the intrauterine growth of Hong Kong chinese babies. Biology 
Neonate. 51: 312-23, Appendix A) 
The relatively wide separation of the regression lines between the sub-
age groups: 4-6m and 0-3m as compared with the others is most probably 
related to the rapid growth rate before six months old as suggested by Bames in 
1975 (Bames HV, 1975). 
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b) Paediatric 
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Fig 9-6 A plot of all the regression lines of the paediatric age group. 
The general trend also applied in this category. However, the 
regression lines of the sub-age groups in this category are wider separated as 
shown in Fig 9-6 as compared with the Fig 9-5 (i.e. for a given bladder volume, 
bladder wall thickness increase as age of the subject increase). This corresponds 
with the calculated P-value = 0.0055, which is of statistical significance. The 
rapid growth rate in childhood may accounts for this finding (Leung SSF et al.， 
1988) (Fig 9-7). 
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Fig 9-7 Growth charts: postnatal to 2 years, boy and girl. 
(adopted from Leung SSF, Lui S, Lo L, Lam YM, Davies DR (1988). Growth standards for 
weight, length and head circumference: Hong Kong infant birth - 2 years. Hong Kong Journal 
of Paediatric. 5:109-24, Appendix 1) 
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c) Adult 
Wall Thickness Vs Bladder Volume (Adult) 
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Fig 9-8 A plot of all the regression lines of the adult age group. 
All the regression lines of this age group merge together (Fig 9-8). 
This corresponds with the calculated P-values = 0.1042 (i.e. no significance 
difference between the data of the sub-age groups). Reason for this may because 
as the body becomes mature, cessation of growth occurs (Ganong WF, 1995). 
Therefore, the bladder wall thickness remains more or less the same in different 
sub-age groups for a given bladder volume. 
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d) Geriatric 
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Fig 9-9 A plot of all the regression lines of the geriatric age group. 
Similar relationship observed in the geriatric age group (Fig 9-9) as 
compare with the adult age group. The regression lines also merge together (i.e. 
for a given bladder volume, no significant variation of the bladder wall 
thickness in corresponds with the sub-age groups). 
» 
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9.5. Bladder Wall Thickness Variation between Different Age 
Groups 
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Fig 9-10 A plot of all regression lines together to look at variation in wall thickness in 
different age groups. 
In order to look for any variation between the bladder wall thickness 
in different age groups. All the regression lines were put together in the same 
graph for comparison (Fig 9-10). 
One can noticed that the bladder capacity is greatest in adult and 
geriatric age groups (about 500ml) and is smaller in paediatric (about 250ml) 
and neonate & toddler age groups (about 50ml). 
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The slopes of the regression lines are steepest in neonate & toddler 
age group as compared with the paediatric, adult and geriatric age groups. This 
is because in neonate & toddler，the total bladder capacity is relatively small 
(about 50ml). A small increases in bladder volume (e.g. 30ml), which is already 
about 60% ofthe total bladder capacity. Definitely this will cause a great extent 
of bladder wall thinning. On the other hand, 30ml is only about 6% ofthe total 
bladder capacity of adult and geriatric age groups. This will only cause a slight 
degree of bladder wall thinning, as reflected from the more gentle slopes in the 
graph as shown in Fig 9-10. 
For a given bladder volume, bladder wall thickness gradually 
increased from the neonate & toddler to paediatric age group. After that it 
become more or less constant in the adult and geriatric age group. This 
relationship corresponds with the growing trend of human body (i.e. rate of 
growth gradually increase from neonate to toddler, reaching a peak in paediatric 
and remain constant in adult and geriatric). 
For any given bladder volume, the maximum bladder wall thickness 
of the geriatric age group is smaller than that of the adult age group. This may 
be related to the aging process. Throughout life, most damage undergoes 
continuing repair by the intrinsic repair mechanisms of our bodies. However, 
with advancing age, impairments may accumulate due to continuing damage 
and insufficient repair. This will lead to declining physiological competence and 
increasing pathology (Greger R and Windhorst U, 1996). As in the case of 
urinary bladder, atrophy of bladder wall will occur. Therefore, for a given 
bladder volume; the bladder wall thickness in the geriatric age group is 
comparatively thinner than that of adulthood. 
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Wall Thickness Vs All Sub-age Groups (at given bladder volume:lOml) 
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Fig 9-11 A plot of wall thickness against all sub-age groups at given bladder volume 
(lOml). 
A simplifies graph showing similar relationship as illustrated in Fig 9-
10 is shown in Fig 9-11. Same relationship is being observed with bladder wall 
thickness increases gradually before 10 years old. Then it is more or less 
constant from 11 to 70 years old. After that, the wall thickness decreases 
slightly for ages >70 years old. 
Individuals of different age groups have different bladder capacities, 
which range from about 85 ml in one year old (Koff SA, 1983) up to 
approximate 500 ml in adult (Snell R and Smith M, 1993). In order to provide a 
condition which represents the empty stage of urinary bladder in all different 
age groups, 10ml is chosen as the given bladder volume for reference in the 
graph as shown above. 
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9.6. Relationship of Bladder Wall Thickness against Bladder 
Volume in Different Genders 
As described before, 13 male and 13 female subjects were included in 
every sub-age groups. The measured bladder wall thickness ofmale and female 
in each sub-age group were undergone 2-tail t-test of significance. The results 
are listed as follow (Table 9-7): 
Neonate & P-value ~Paediatric P-value 
Toddler 
^ ^ 0387 1：2 0.440 
4-6m 0.455 3-4 0.208 
7-9m 0.896 5-6 0.217 
10-12m 0.406 7-8 0.903 
9-10 0.222 
Adult P-value Geriatric P-value 
11-15 0.664 61-65 0.882 
16-20 0.064 66-70 0.364 
21-25 0.340 71-75 0.404 







Table 9-7 Calculated P-values ofbladder wall thickness between male and female in all 
sub-age groups. 
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In humans being, two rapid growth periods were being observed. The 
first one is in the infancy while the second one is in the late puberty just before 
growth stops. Since girls mature earlier than that of boys, the second growth 
spurt appears earlier in the girls (Ganong WF, 1995) (Fig 9-12). Therefore, the 
bladder wall thickness of female in this period (i.e. 10-12 years old) is expected 
to be thicker than that of the male. 
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Fig 9-12 Rate of growth in boys and girls from birth to age 20. 
(adopted from Ganong WF. (1995). Review of medical physiology. 17^^ edition. P.374, Fig 22-
12) 
However, this could not be substantial by the bladder wall thickness 
measurement in this study. Since all the calculated P-values are greater than 
0.05 (Table 9-7), indicating that there are statistically insignificant for bladder 
wall thickness between male and female in all sub-age groups. This finding also 
corresponds with those observed by Jequier S and Rousseau 0 in 1987. They 
stated that the bladder wall thickness only varies minimally with gender 
(statistically insignificant with P value < 0.07) (Jequier S and Rousseau 0, 
1987). 
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Wall Thickness Vs Bladder Volume (age range: 11-15，Male Vs Female) 
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Fig 9-13 A plot of wall thickness against bladder volume in male and female for sub-
age group: 11-15 
In Fig 9-13, the two regression lines between male and female are 
closely related to each another. This correlate well with the calculated P-value 
which equals to 0.664 (i.e. no significant difference in bladder wall thickness 
between male and female). For other sub-age groups, similar trends are also 
observed, and they are attached in the session "Appendix B" for reference. 
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9.7. Comparison with Publication 
In this session, findings observed in this study are used to compare 
with those done by Jequier and Rousseau in 1987. 
Details ofJequier and Rousseau's study were described in session 6.1. 
hi their study, they concluded that there is a linear relationship between the 
bladder wall thickness and the bladder volume. The bladder wall thickness in 
children is independent of age and gender and only varies significantly with the 
state of bladder filling. The value of 95 percentile taken as the upper limit of 
normal bladder wall thickness (i.e. 5mm when empty and 3mm when full) 
(Jequier S and Rousseau 0，1987). 
This study showed that the bladder wall thickness and bladder volume 
is in a natural log (Ln, base e) relationship. The rate ofbladder wall thinning is 
greater when the bladder volume is small than when it is already full. Although 
the bladder wall thickness is independent of age in the sub-age groups of 
neonate & toddler，adult and geriatric age groups; there is statistically 
significant difference in the paediatric age group. With the relation that for a 
given bladder volume, bladder wall thickness increase with increasing age. 
In view of the whole life span as shown in Fig 9-11, bladder wall 
thickness increases gradually before paediatric (despite of the calculated 
statistical insignificant value of neonate & toddler age group); then it remains 
constant in adult and decreases slightly in geriatric age group. 
The only corresponding finding between this study and Jequier S and 
Rousseau 0 ' s study is that bladder wall thickness decrease as bladder volume 
increase and it is independent of gender difference. 
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Discrepancies between the two studies may be related to the following 
factors: 
a) Subjects of Jequier S and Rousseau 0 ' s study are paediatric predominant, 
while my study include subjects from the whole life span. 
b) The subdivision of age groups in Jequier S and Rousseau 0，s study were in 
one year and six years interval respectively. While in this study, the 
subdivision were in 3 months, 2 years and 5 years interval respectively. 
These smaller compartments of subdivision allow a closer look of the 
bladder wall thickness variations between the sub-age groups. And this may 
be one of the reasons for the difference in findings between this study and 
those obtained by Jequier S and Rousseau 0 for the paediatric age group. 
c) Jequier S and Rousseau 0 ' s study was done about ten years ago. At that 
time, the measuring calipers of ultrasound machines only provide full 
millimeters. This means that for a wall thickness measured 2mm, it could 
actually range from 1.6 to 2.4mm. The equipment used in this study gives 
two decimal spaces in two-dimensional measurement. This also allows more 
detail observation ofbladder wall thickness variation. 
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9.8. Nomograms of Bladder Wall Thickness in Different Age 
Groups 
In 1983，KoffSA has established a simple formula relating the bladder 
capacity to the age of child. He stated that "Bladder Capacity (ounces)= 
Age (years) + 2” (KoffSA, 1983) (Fig 9-14). 
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Fig 9-14 Graph ofbladder capacity formula comparing with Starfield's data. 
(adoptedfrom KoffSA. (1983). Estimating bladder capacity in children. Urology. March, Vol. 
XXI, No. 3, P.248, Fig 1) 
Since, the ounce will be equal to the fluid ounce, the conversion factor 
to ml is equal to 28.35. The respective estimate bladder capacities (in ml) of 
different age groups are listed in Table 9-8. For adult and geriatric age groups， 
the estimate bladder capacities are considered to be 500ml (Snell R and Smith 
M，1993). 
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^g^ group Estimate bladder capacity Estimate bladder capacity 
(in ounces) (in ml) 
Neonate & Toddler 3 85.05 
1-2 4 113.4 
3-4 6 170.1 
5-6 8 226.8 
7-8 10 283.5 
9-10 12 340.2 
Adult 500.0 
Geriatric 500.0 
Table 9-8 Estimate bladder capacities of different age groups. 
Four volume groups were set up according to their different fullness. 
The bladder was considered "Empty" when it contained less than 10% of its 
normal capacity, ‘‘±Full，，with 10-25% ofits capacity, "Full" with 26-90%, and 
“Full++’，when it was filled close to its capacity (Jequier S and Rousseau 0， 
1987) (Table 9-9). 
Volume group Percentage of estimate bladder capacity 




Table 9-9 Volume groups distribution. 
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The mean bladder wall thickness were plotted against their respective 
volume groups. With the addition of two plus and minus standard deviation, 
nomograms for bladder wall thickness of each age group were established. Only 
the nomogram for neonate & toddler age group is shown here as an example 
(Fig 9-15), while the rest are attached in the session "Appendix C" for 
reference. 
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Fig 9-15 Nomogram ofbladder wall thickness flvfeonate & Toddler). 
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9.9. Establishment of the Normal Upper Limit of Bladder Wall 
Thickness in Different Age Groups 
^ge group Upper limit of bladder wall thickness 









Table 9-10 The normal upper limits of bladder wall thickness in "Empty" 
volume group of different age groups. 
The maximum acceptable normal values for mean bladder wall 
thickness can be suggested by the upper two standard deviation point of the 
"Empty" volume group (i.e. less than 10% of its estimate bladder capacity) in 
different age groups are listed in Table 9-10. Since the bladder wall thickness is 
greatest when it is empty, the listed figures actually represent the greatest 
dimensions ofbladder wall thickness of normal subjects in different age groups. 
Any measured bladder wall thickness greater than these figures (corresponds 
with their particular age groups) can be considered as likely to be abnormal. 
Therefore, these figures can act as a reference of bladder wall thickness of 
normal subject in different age groups. 
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9.10. Data Grouping for Bladder Wall Thickness in Subjects with 
Bladder Disorders 
Total 83 subjects (Male: 52, Female: 31; age range: 4 months to 86 
years, mean age ±2SD = 35.17 ±33.02 years) were studied separately. Same 
as normal subjects, they were divided into four groups according to their 
respective age range. Since there was a difference between the paediatric sub-
age groups, abnormal subjects fall within this age range needed to be subdivided 
into their respective sub-age groups (Table 9-11): 
^g^ group Age range No. ofsubjects 
Neonate & Toddler Newbom to < 1 year 9 
Paediatric 1 - 2 years 9 
3 - 4 years 8 
4 - 6 years 5 
7 - 8 years 4 
9 - 10 years 1 
Adult 11-60 years 16 
Geriatric > 61 years 31 
Table 9-11 Diseased subjects: the age groups distribution together with the number of 
subjects in each category. 
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9.11. Measuring Method for Bladder Wall Thickness in Potentially 
Abnormal Subjects 
A small scale pilot study was carried and found that there was no 
statistical significant difference in wall thickness ofdifferent location ofurinary 
bladder, during bladder wall thickness measurement (except those areas near the 
inter-ureteric ridge and urachal reminant). 
Since the thickening of urinary bladder wall is usually asymmetrical in 
nature. As in the case of chronic outlet obstructive disease, posterior bladder 
wall near the bladder base is usually affected first while the remaining portion 
of the bladder can appears normal in wall thickness. Therefore, the method for 
bladder wall thickness measurement in diseased subjects was different from that 
of the normal study group. The site with the greatest dimension (i.e. thickest 
location) was being measured. 
Technical considerations as discussed in session 8.6 are also applied 
for the diseased subjects. This means that during bladder wall thickness 
measurement, need to avoid the inter-ureteric ridge at the bladder base and the 
urachal reminant at the anterior bladder wall near the midline in paediatric. It is 
because the wall thickness in these locations are usually greater even under 
normal condition. 
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9.12. Distribution ofBladder Wall Thickness ofDiseased Subjects in 
Nomograms 
In order to test that whether the bladder wall thicknesses of diseased 
subjects stay above the upper two standard deviation of normal subject or not. 
Nomograms ofbladder wall thickness of different age groups according to Jequier S 
and Rousseau 0 ' s technique (as shown in "Appendix C") are used in this session. 
For those graphs shown in Fig 9-4, Fig 9-6，Fig 9-8 and Fig 9-9, all ofthem are plots 
of regression lines. Since the standard deviation cannot be calculated from these 
values, these plots cannot be used in this session. 
a) Neonate & Toddler 
Total 9 subjects (Male: 4，Female: 5) were included in this group. All 
with recent histories of urinary tract infection (within two weeks from time of 
data collection), and were proven by mid stream urine culture with positive 
findings. The organisms detected include E. Coli, Klebsiella and pseudomonas 
aemgininosa. 
As the same of normal groups, diseased subjects were classified into 
different volume groups according to their respective bladder capacity. The wall 
thickness of them were then plot over the nomogram of the bladder wall 
thickness for neonate & toddler as shown in Fig 9-16. 
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Distribution ofBladder Wall Thickness ofDiseased Subjects inNomogram 
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Fig 9-16 Distribution ofbladder wall thickness of diseased subjects in nomogram ofthe 
neonate & toddler age group. 
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b) Paediatric, age range: 1-2 
Total 9 subjects (Male: 6，Female: 3) were included in this sub-age 
group. Eight of them were with recent histories of urinary tract infection 
(within two weeks from time of data collection, proven by positive mid 
stream urine culture) while the remaining one was detrusor fatigue. 
Distribution ofBladder Wall Thickness ofDiseased Subjects in Nomogram 
(Paediatric, age range: 1-2) 
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Fig 9-17 Distribution ofbladder wall thickness of diseased subjects in nomogram ofthe 
paediatric age group, age range: 1-2. 
For the case with history of detrusor muscle fatigue, the corresponding 
laboratory results of mid stream urine or urine culture were negative. The 
thickening of the bladder wall may be related to the hypertrophy of the 
muscularis propria. 
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b) Paediatric, age range: 1-2 
Total 8 subjects (Male: 5, Female: 3) were included in this sub-age 
group. Seven of them were with recent histories of urinary tract infection 
(proven by positive mid stream urine culture) and one of them was post 
chemotherapy treatment. 
Distribution ofBladder Wall Thickness ofDiseased Subjects in Nomogram 
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Fig 9-18 Distribution ofbladder wall thickness of diseased subjects in nomogram ofthe 
paediatric age group, age range: 3-4. 
The mid stream urine culture result of the patient with history ofpost 
chemotherapy treatment was negative. The wall thickness is at the upper 
limit of normal may related to the chemotheraphy induced cystitis although 
the urine remain sterile in nature. 
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b) Paediatric, age range: 1-2 
Total 5 subjects (Male: 2, Female: 3) were included in this sub-age 
group. All of them were with recent histories of urinary tract infection 
(proven by positive mid stream urine culture). 
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Fig 9-19 Distribution ofbladder wall thickness of diseased subjects in nomogram ofthe 
paediatric age group, age range: 5-6. 
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b) Paediatric, age range: 1-2 
Total 4 subjects (Male: 1, Female: 3) were included in this sub-age 
group. All of them were with recent histories of urinary tract infection 
(proven by positive mid stream urine culture). 
Distribution ofBladder Wall Sickness ofDiseased Sutgects inNornDgram 
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Fig 9-20 Distribution ofbladder wall thickness of diseased subjects in nomogram ofthe 
paediatric age group, age range: 7-8. 
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f) Paediatric, age range: 9-10 
Only one female diseased subject was included in this sub-age group. 
It was also with recent history of urinary tract infection (proven by positive 
urine culture). 
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Fig 9-21 Distribution ofbladder wall thickness of diseased subjects in nomogram ofthe 
paediatric age group, age range: 9-10. 
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g) Adult 
Total 16 subjects (Male: 10，Female: 6) were included in this group. 
The clinical histories are lists as follows: 
Clinical history No. ofsubject(s) 
Ascites 1 
Urinary tract infection 7 
Neurogenic bladder 4 
Chronic obstructive outlet disease 1 
Post chemotherapy treatment 1 
Bladder tumour 2 
Table 9-12 Clinical histories and their respective number of subject(s) in the adult age 
group. 
Urinary tract infections were proven by positive results ofmid stream 
urine and culture, while the two bladder tumour cases were proven by 
biopsies taken during cystoscopy. 
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Distribution ofBladder Wall Thickness ofDiseased Subjects in Nomogram 
(Adult) 
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Fig 9-22 Distribution ofbladder wall thickness of diseased subjects in nomogram ofthe 




Total 31 subjects (Male: 24, Female: 7) were included in this age 
group. Their clinical histories are lists as follows: 
Clinical history No. ofsubject(s) 
Diabetes Milletus 4 
Outlet obstruction with Foley 10 
catheter in-situ 
Urinary tract infection 8 
Neurogenic bladder 1 
Chronic obstructive outlet disease 3 
Bladder calculus 2 
Bladder tumour 3 
Table 9-13 Clinical histories and their respective number of subject(s) in the geriatric 
age group. 
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Distribution ofBladder Wall Thickness ofDiseased Subjects inNonx)gram 
(Geriatric) 
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Fig 9-23 Distribution of bladder wall thickness of diseased subjects in 
nomogram of the geriatric age group. 
As shown from Fig.9-16 to Fig 9-23, bladder wall thickness (the 
greatest dimension) of most disease subjects stays far away from the upper limit 
of normal subject (i.e. the positive two standard deviation) for their respective 
nomograms; except for the two cases with histories of urinary tract infection in 
adult age group, and the one with history of diabetes milletus in geriatric age 
group. It is obvious that bladder wall thickness in diseased subjects are much 
thicker than that of the normal groups. 
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After superimpose the cut off lines (red in color) of Jequier S and 
Rousseau 0 ' s study (i.e. the upper limit of normal bladder wall thickness is 
5mm when empty and 3mm when full) into Fig 9-16 to Fig 9-23. The following 
findings were being observed: 
^8^ group Age range No. of subjects Missing rate (%) 
missed by J&R 
Neonate & Newbom to < 1 4 44.4 
Toddler year 
Paediatric 1 一 2 years 6 66.7 
3 - 4 years 3 37.5 
4 - 6 years 1 20.0 
7 - 8 years 1 25.0 
9 - 1 0 years 0 0.0 
Adult 11 一 60 years 4 25.0 
Geriatric > 61 years 5 16.1 
Table 9-14 Missing rate ofbladder wall thickening detection in different age groups by 
using Jequier S and Rousseau 0，s technique as compare with those used in this study. 
In Table 9-14，one may observe that the false negative rate of bladder 
wall thickening detection by using Jequier S and Rousseau 0，s technique is 
quite significance; as compare with those used in this study. This is especially 
the case in neonate & toddler and paediatric age groups. This finding further 
supports the needs of smaller compartments of subdivision in age group so as to 
allow closer look of the bladder wall thickness variations in young age people. 
As a conclusion, nomograms of bladder wall thickness can act as a 
mean for the early detection of bladder wall thickening and their associated 
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9.13. Data Grouping in Bladder Configurations Observation 
Total 624 subjects (Male: 312, Female: 312, age range: from 3 days to 
87 years, mean age ±2SD = 41.27 士 23.28) were included. 
The total number of subjects collected is different from that of bladder 
wall thickness measurement. This is because during the start of the study in 
early 1995, the ultrasound machine used can only provided single digit in two-
dimensional measurement. Later, with the introduction ofATL 3000 and Aloka 
2000 ultrasound machines, which can provide two decimal spaces in two-
dimensional measurement; these two machines were being used exclusively for 
the collection of data. Those obtained from the single digit ultrasound machine 
before were excluded in the bladder wall thickness study. However, the 
observed bladder configurations of these subjects were still useful and were 
included together with those collected with the new machines. Therefore, the 
number of subjects collected for bladder configuration observation is greater 
than that ofbladder wall thickness measurement. 
As before, these subjects were divided into four main age groups as 
shown in Table 9-15. 
Age group Age range No. ofsubjects 
Neonate & Toddler Newbom to below 1 52 
year 
Paediatric 1 to 10 years 58 
Adult 11 to 60years 356 
Geriatric Above 61 years 158 
Table 9-15 Bladder configuration observation: the age group distribution together with 
the number of subjects in each category. 
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Among each age group, the data was classified into three different 
volume groups according to their respective percentage of estimate bladder 
capacity as discussed in session 9.8 (Koff SA, 1983) (Snell R and Smith M, 
1993). 
The bladder was considered "Empty" when it contained less than 10% 
of its normal capacity, “±Full” with 10-25% of its capacity, "Full" when it 
contained more than 25% of its estimated bladder capacity (modified from 
Jequier S and Rousseau 0 , 1987) (Table 9-16). 
々它 group Estimated bladder Volume group 
capacity Empty ±Full Full 
Neonate & Toddler S5A <8.51 8.51-21.26™™>21.26 
Paediatric 340.2 < 34.02 34.02 - 85.05 > 85.05 
Adult 500 <50 5 0 - 125 > 125 
Geriatric 500 < 50 50 - 125 > 125 
Table 9-16 Volume groups distribution (all the units are in ml). 
The number of subjects in each bladder configuration as discussed in 
session 7.5c were counted according to their respective volume groups and age 
groups; in both transverse and longitudinal sections of trans-abdominal 
ultrasound images. 
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9.14. Distribution ofBladder Configurations in Transverse Section 
of Ultrasound Images 
a) Neonate & Toddler 
Total 52 subjects (Male: 26, Female: 26) were included. The 
distribution ofbladder shapes with volume groups are shown as follows: 
Empty ±Full Full 
Dumbbell 20 % (4) 16.7 % (4) 0 % (0) 
Ovoid 10 % (2) 12.5%(3) 50 % (4) 
Rectangular 60 % (12) 70.8 % (17) 50 % (4) 
Tetrahedron 10 % (2) 0 % (0) 0 % (0) 
Table 9-17 Distribution ofbladder configurations in transverse section, for the neonate 




Total 58 subjects (Male: 29, Female: 29) were included. The 
distribution ofbladder shapes with volume groups are shown as follows: 
Empty ±Full Full 
—Dumbbell 0 % (0) 11.1 % (2) 0 % (0) 
Ovoid 6.3 % (1) 0 % (0) 4.2 % (1) 
Rectangular 93.8%(15) 88.9%(16) 95.8 % (23) 
Tetrahedron 0 % (0) 0 % (0) 0 % (0) 
Table 9-18 Distribution of bladder configurations in transverse section, for the 
paediatric age group, ^vlumber in bracket represents the actual number ofcases in each 
category). 
c) Adult 
Total 356 subjects (Male: 178, Female: 178) were included. The 
distribution ofbladder shapes with volume groups are shown as follows: 
E — 炒 土 脈 J^i 
Dumbbell 12.2 % (9) 6.3 % (5) 8.9%(18) 
Ovoid 4.1 %(3) 3.8 % (3) 7.9%(16) 
Rectangular 81.1 % (60) 87.5 % (70) 81.7 % (165) 
Tetrahedron 2.7 % (2) 2.5 % (2) 1.5%(3) 
Table 9-19 Distribution ofbladder configurations in transverse section, for the adult age 
group. (Number in bracket represents the actual number ofcases in each category). 
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d) Geriatric 
Total 158 subjects (Male: 79，Female: 79) were included. The 
distribution ofbladder shapes with volume groups are shown as follows: 
Empty ±Full Full 
Dumbbell 9.7 % (3) 3.6 % (2) 4.2 % (3) 
Ovoid 9.7 % (3) 12.5 % (7) 7.0 % (5) 
Rectangular 71.0 % (22) 75 % (42) 87.3 % (62) 
Tetrahedron 9.7 % (3) 8.9 % (5) 1.40 % (1) 
Table 9-20 Distribution ofbladder configurations in transverse section, for the geriatric 
age group. CNumber in bracket represents the actual number ofcases in each category). 
The graphical presentations of the results shown from Table 9-17 to 9-
20 are attached in the session "Appendix D" (from D-1 to D-4) for reference. 
In the transverse section of trans-abdominal ultrasound images, 
rectangular shape is being the predominant bladder configuration. This may be 
due to the fact that the bladder neck is firmly secured by the pubovesical 
ligaments in the female and the puboprostatic ligaments in the male (Moore KL, 
1985). Therefore, the position of it is more or less fixed. In addition, urinary 
bladder is bounded by the pelvic side-walls on the four sides of it like a frame. 
This explains why urinary bladder retains a rectangular configuration 
predominantly. 
When bladder is empty, it may indent by the adjacent pelvic organs 
like uterus in female, prostate gland in male and the rectum behind. This 
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accounts for the dumbbell and tetrahedron configurations while bladder capacity 
is low. 
In neonate & toddler，urinary bladder is located in partly within the 
abdomen, even when the bladder is empty (Moore KL，1985). This location 
provides more rooms for the bladder to distend in all direction when it is full. 
As a result, ovoid shape pays an important part in the bladder configuration of 
neonate & toddler age group when the bladder capacity is large. 
In adult and geriatric age groups, as the urinary bladder has entered 
the pelvic major after puberty (Sternberg SS and Reuter VE, 1992) and bounded 
by the pelvic side-walls. The contribution of ovoid shape in the "Full" volume 
group ofthese two age groups diminishes. 
There is no obvious gender difference between the bladder 
configurations in transverse ultrasound images. 
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9.15. Distribution of Bladder Configurations in Longitudinal 
Section ofUItrasound Images 
a) Neonate & Toddler 
Total 52 subjects (Male: 26, Female: 26) were included. The 
distribution ofbladder shapes with volume groups are shown as follows: 
Empty ±Full Full 
Ovoid 20 o/o (4) 0 % (0) \2.5 % (1) 
Pear 15 % (3) 37.5 % (9) 25 % (2) 
Pyramidal 20 % (4) 41.7%(10) 12.5%(1) 
Rectangular 30 % (6) 16.7 % (4) 12.5%(1) 
Iieverse Pyramidal 15 % (3) 4.2 % (1) 37.5 % (3) 
Table 9-21 Distribution of bladder configurations in longitudinal section, for the 
neonate & toddler age group. O^umber in bracket represents the actual number ofcases 
in each category). 
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b) Paediatric 
Total 58 subjects (Male: 29, Female: 29) were included. The 
distribution ofbladder shapes with volume groups are shown as follows: 
Empty ±Full Full 
Ovoid 6.3 % (1) 0 % (0) 8.3 % (2) 
Pear 12.5 % (2) 55.6%(10) 41.7%(10) 
Pyramidal 12.5 % (2) 11.1 % (2) 29.2 % (7) 
Rectangular 37.5 % (6) 16.7%(3) 12.5 % (3) 
^ • • s e Pyramidal 31.3 % (5) 16.7 % (3) 8.3 % (2) 
Table 9-22 Distribution of bladder configurations in longitudinal section, for the 




Total 356 subjects (Male: 178, Female: 178) were included. The 
distribution ofbladder shapes with volume groups are shown as follows: 
Empty ±Full Full 
Ovoid 1.1 % (2) 2.5 % (2) 2.0 % (4) 
P ^ 8.1 % (6) 21.3 % (17) 40.6 % (82) 
Pyramidal 5.4 % (4) 11.3 % (9) 30.7 % (62) 
Rectangular 16.2%(12) 12.5%(10) 6.9 % (14) 
Reverse Pyramidal 61.6 % (50) 52.5 % (42) 19.8 % (40) 
Table 9-23 Distribution of bladder configurations in longitudinal section, for the adult 
age group. O^umber in bracket represents the actual number ofcases in each category). 
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d) Geriatric 
Total 158 subjects (Male: 79，Female: 79) were included. The 
distribution ofbladder shapes with volume groups are shown as follows: 
Empty ±Full Full 
Ovoid 6.5 % (2) 1.8%(1) 9.9 % (7) 
P ^ 9.7 % (3) 23.2 % (13) 45.1 % (32) 
Pyramidal 0 % (0) 3.6 % (2) 19.7%(14) 
Rectangular 19.430 % (6) 23.2 % (13) 7.0 % (5) 
Reverse Pyramidal 64.5 % (20) 48.2 % (27) 18.3 % (13) 
Table 9-24 Distribution of bladder configurations in longitudinal section, for the 
geriatric age group. O^umber in bracket represents the actual number of cases in each 
category). 
The graphical presentations of the results shown from Table 9-21 to 9-
24 are attached in the session “Appendix E，，(from E-1 to E-4) for reference. 
As mentioned in session 9.14, urinary bladder ofneonate & toddler is 
more abdominally located. This allows the urinary bladder to distend freely and 
attains different kinds of bladder shapes. Therefore, no specific bladder 
configuration was noticed in neonate & toddler age group. 
For paediatric, adult and geriatric age groups, bladder configuration in 
longitudinal ultrasound image is prone to either reverse pyramidal or 
rectangular in shape when the bladder volume is small. On the other hand, it 
becomes pyramidal or pear shape when the bladder capacity is large. This may 
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imply that urinary bladder prone to filled up the base area first before start to 







10.1. Urinary Bladder Wall Thickness 
Urinary bladder wall thickness varies with bladder volume as a natural 
log (Ln, base e) relationship. As the bladder volume increases, bladder wall 
thickness decreases. The rate of bladder wall thinning is different at different 
bladder capacities. It is fastest when the bladder is empty while the rate of 
bladder wall thinning gradually slow down as the bladder fills to maximum. 
This correlates with the principle of elasticity. 
For the same amount of increase in bladder volume, the rate of 
bladder wall thinning is much faster in neonate & toddler age group than that of 
the adult and geriatric age groups. 
From the neonatal period to the paediatric age group, bladder wall 
thickness gradually increases with age. It is more or less constant in adult and 
decrease slightly in geriatric age group. This relationship may corresponds with 
the growing trend ofhuman body. 
In considering with individual age group, there is no significant 
difference in the wall thickness between the sub-age groups of neonate & 
toddler, adult and geriatric. However, in paediatric age group, statistical 
significant difference was detected between the sub-age groups, with P-value 
<0.05. This finding may relate to the rapid growth rate of childhood during this 
period. 
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One may notice that for a large increase in bladder capacity, only a 
relatively little changes in bladder wall thickness will occur (e.g. for an increase 
of 300ml in bladder volume, bladder wall thickness will only decrease by 
0.05cm). This is because the wall of urinary bladder is very elastic in nature. 
When the bladder capacity is small, the bladder wall not only contracted, it also 
folded together. This allows lots of rooms for the urinary bladder to expand 
before any stretching effect apply on the urinary bladder wall. Only when the 
whole urinary bladder is totally unfolded, further increase in bladder capacity 
will cause the thinning of urinary bladder wall. 
There was no discemable statistical significant difference in wall 
thickness between male and female. 
Nomograms of bladder wall thickness in different age groups were 
established. In a sample of patients with bladder related disorder, most of the 
wall thickness were above two standard deviations of the nomograms. This 
indicates that the nomograms could be clinically applicable in the detection of 
bladder wall thickening, provide that the appropriate charts, corresponding to 
the respective age group is used. 
The normal upper limits of urinary bladder wall thickness in different 
age group were found. Any measured figure greater than these values, 
corresponding to the respective age group, can be considered as abnormal. 
Due to the great variation in bladder configurations, no single formula 
can be used to calculate the bladder volume accurately. As a result, the normal 
urinary bladder wall thickness indices of different age groups cannot be 
established in this study. However, although the normal urinary bladder wall 
thickness index cannot be established. The nomograms and the upper limit of 
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urinary bladder wall thickness in different age groups develop in this study can 
still used for the early detection of urinary bladder wall thickening. 
10.2. Urinary Bladder Configuration 
In transverse section of trans-abdominal ultrasound images, 
rectangular shape being the predominant bladder configuration and this is 
independent of age, gender and bladder volume. 
In longitudinal section, no specific bladder configuration was 
observed in neonate & toddler age group. For the other age groups, urinary 
bladder assume reverse pyramidal or rectangular shape when the bladder is 
empty whereas it is in pyramidal or pear shape when full. 
Again, no gender difference in the bladder configuration of 
longitudinal ultrasound images is being observed. 
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